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(54) Optical transmission tube, method for making it and linear Muminant system 



(57) In an optical transmission tube (1 ) comprising a 
tubular cladding (1 1) and a core (12) within the cladding 
having a higher index of refraction than the cladding, a 
strip-shaped reflecting • layer (13) is longitudinally 
extended between the dadding and the core. Light 
passing through the core is reflected and scattered by 
the reflecting layer to emerge from the tube through an 
area of the outer surface of the cladding opposed to the 
reflecting layer. The optical transmission tube is pre- 
pared by dispersing scattering particles in a monomer 
" solution; filling a tubular cladding with the monomer 
solution: resting the cladding horizontally for ajiowing 
the scattering particles to settle on a lower inner'surface 
of the cladding: and thereafter, causing the monomer 
solution to polymerize arid solidify within the cladding. 
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Description 

This invention relates to an optical transmission tube, comprising a tubular transparent cladding and a transparent 
core having a higher index of retraction than the cladding and a method for preparing the same. Preferably, it relates to 
5 an optical transmission tube allowing directional light emergence from one side or outer surface area of the cladding, 
and to a linear illuminant system having improved water resistance, improved environmental resistance and a low 
power consumption for driving. 

Prior Art 

10 

Since optical transmission tubes comprising a tubular cladding and a core in the cladding having a higher index of 
refraction than the cladding are generally designed so as to transmit as much light as possible from one end to the other 
.. end thereof, only a low luminance is generally available near the side surface of the tube. One possible measure for 
increasing the luminance at the side surface of an optical transmission tube is by corrugating the cladding inner surface 
is for scattering light. This measure is difficult to apply to the method for producing an optical transmission tube by filling 
a tubular cladding with a core-forming polymerizable monomer liquid and pressurizing the liquid for causing the mono- 
mer to polymerize because the cladding becomes likely to' rupture. 

It may also be envisaged to disperse scattering particles in the core for increasing the luminance at the side surface 
of an optical transmission tube. It may occur to those skilled in the art to disperse scattering particles in a monomer liq- 
20 uid and then polymerize and solidify the monomer. However, there has never been available a method of adding scat- 

ici n ly pai uuico iw a 1 1 iui iwi iici iw iiv^uiu anu y 1 1 ici i*.ii iy uic iicjuiu hi a ^umiuncu mcii mci gu^i u mi uii* uwunu-i n<^ 

particles are distributed in a limited area, that is, to form a reflecting layer, at the end of polymerization. 

Known illuminant devices capable of providing linear light emission over a length of several meters include neon 
tubes and fluorescent tubes. The neon tubes and fluorescent tubes require high voltages, with the risk of electric shocks 
25 and leakage. They cannot be used in water and at places where rain or snow reaches. Since the tubes are formed of 
glass, they cannot be used at places -where failure of glass tubes by physical collision of people or vehicles is expecta- 
ble. - • 

Where the neon tubes and fluorescent tubes are used in a bent form, the glass tubes must be worked to the desired 
curvature, which requires skilled workers and hence, leads to an increased cost. The power consumption of neon tubes 
30. and fluorescent tubes is as high as several tens of watts per meter. For a long term of operation, they must be installed 
where a commercial power supply is available. 

To solve these problems, optical transmission tubes in the form of a flexible tube filled with a transparent core liquid 
or flexible transparent polymer and strands of plastic optical fibers, have been proposed. The system includes a light 
source and an optical transmission tube which receives light from, the light source at one end thereof. The optical trans- 
35 ■ mission tube is designed such that light may emerge from a side Surface area of the tube over a length of several tens 
of meters. Since the light source can be separated from the light emerging area, this system can be used in water, out- 
door or even in an environment with the risk of explosion! The system is free of the risk of breakage, eliminates complex 
cumbersome working such as glass working, and is readily applied at a necessary site. 

These optical transmission tubes provide light emergence over a length of several tens of meters. Since the light 
40 emergent efficacy at the side surface is low, a high power light source- of about 50 to 250 W is required in order to pro- 
vide an increased luminance. When such an optical transmission tube is used in water, outdoor or in an environment 
with the risk of explosion for the' purpose of providing side surface light emergence, a means for protecting the light 
' source is necessary. As a consequence, the light source is increased in size and its accommodation is significantly lim- 
ited. * -~ - - 4 .j 

45 An aim of the invention is to provide a new and useful optical transmission tube, and/or linear iiiuminant system. 

A preferred aim of the invention is to provide an optical transmission tube allowing directional emergence of light 
from one side or an outer surface area thereof at a high luminance. 

Another preferred aim of the invention is to provide a method for preparing the optical transmission tube. 
Another preferred aim of the invention is to provide a linear illuminant system which can be used in water, at places 
so where rain or snow reaches, or in an environment with the risk of explosion, which requires only a low power to produce 
sufficient side light emergence, and which is compact so that it may be installed at any desired place. 

In a first aspect, the invention provides an optical transmission tube comprising a tubular cladding having an outer 
surface and a core within the cladding having a higher index of refraction than the cladding. A reflecting layer in a strip 
form extends between the cladding and the core and longitudinally of the cladding. Light passing through the core is 
. 55 reflected and scattered by the reflecting layer to exit from the tube through an area of the outer surface of the cladding 
that is opposed to the reflecting layer. 

In a second aspect, the invention provides a method for preparing an optical transmission tube, comprising the 
steps of dispersing scattering particles in a core-forming solution comprising a monomer capable of forming a core 
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upon polymerization; filling a tubular. daddihg with the scattering particle-dispersed core-forming solution; resting the 
tubular cladding horizontally for allowing the scattering particles to settle on a lower inner surface of the cladding; and 
thereafter, causing the core-forming solution to polymerize and solidify within the cladding, thereby forming a solid core 
within the cladding and forming a reflecting layer composed of the scattering particles in a strip form extending between 
the cladding and the core and longitudinally of the cladding. 

In a third aspect, the invention provides a method for preparing an optical transmission tube using a three-color 
extruder having three screw sections and two concentric dies. A core material, a cladding material, and a reflecting 
material loaded with a white pigment or scattering agent are simultaneously fed into the extruder from its inlet The core 
material is extruded into a cylindrical core. The reflecting material is extruded into a strip-shaped reflecting layer on the 
outer surface of the cylindrical core. The cladding material is extruded into a tubular cladding enclosing the core and 
the'reflecting strip, thereby forming the optical transmission tube having- the strip-shaped reflecting layer extending 
between the cladding and the core and longitudinally of the cladding. 

In the optical transmission tube of the invention, the reflecting layer in a strip form is disposed between the cladding 
and the core and extended longitudinally of the cladding. Intense light passing through the core.providing the maximum 
light quantity is reflected by the elongated strip-shaped reflecting layer and the reflected light emerges from the tube 
through an area of the outer surface of the'cladding opposed to the reflecting layer. (It is noted that since the quantity 
of light passing through the cladding is small, the reflected light thereof is very weak.) Intense light exits from the 
opposed outer surface area of the tube with a high directivity and at a high luminance, establishing a brightly illuminated 
state. In the place where the optical transmission tube is disposed, the. elongated one side surface area of the tube is 
brightly illuminant. In one embodiment wherein the reflecting layer is constructed of scattering particles such as silicone 
resin particles, polystyrene resin particles and metal oxide particles, the tube produces highly directional light emer- 
gence having a high luminance. In another preferred embodiment, a metal sheet, or a reflective coating having scatter- 
ing particles dispersed therein is formed on the outer surface of the cladding so as to surround the reflecting layer 
between the cladding and the core: Even when the reflecting layer has defects such as pinholes, light leaking through 
the defects in the reflecting layer to the rear side thereof and light laterally escaping outside the reflecting layer are 
reflected by the reflective coating back to the opposed area. This further increases the luminance of light emergent from 
the opposed area (opposed to the rejecting layer) and significantly reduces the loss of light. 

The method of the invention may. ensure that the strip-shaped reflecting layer is formed in a very simple manner. 
Then the optical transmission tube adapted to emit highly directional light at a high luminance from its one side surface 
area can be easily prepared. 

In a third aspect, the invention provides a linear illuminant system comprising a light transmission tube including a 
transparent core and a cladding having a lower index of refraction than the core and serving as a light emergent ele- 
ment, a light source coupled to at least one end of the light transmission tube in a water-proof manner, and a drive 
means for operating the light source. The light transmission tube is constructed such that when light emitted from the 
light source is transmitted by the light transmission tube, light emerges from a longitudinal side of the light transmission 
tube. The preferred light transmission tube has a reflecting layer in a strip form extending between the cladding and the 
core and longitudinally of the cladding. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a fragmental axial cross-sectional view of one exemplary optical transmission tube according to one 
embodiment of the invention. 

FIG. 2 is a radial cross-sectional view of the optical transmission tube of FIG. 1 . 

FIG. 3 is a radial cross-sectional view like FIG. 2, but showing an optical transmission tube according to another 
embodiment. 

FIG. 4 schematically illustrates, partially in cross section, a linear illuminant system according to the invention. 
FIGS. 5 and 6 schematically illustrates optical transmission tubes according to further embodiments of the inven- 
tion. 

FIG 7 is a radial cross-sectional view of an optical transmission tube with a reflective protective layer. 

FIGS. 8 and 9 are radial cross-sectional views of optical transmission tubes attached to different channels. 

FIG. 10 illustrates a sign to which the linear illuminant system of the invention is applied. 

FIG. 1 1 illustrates the linear illuminant system of the invention as applied to a guide passage. 

FIG. 12 illustrates the linear illuminant system of the invention as applied to a stairway. 

FIG. 13 illustrates the linear illuminant system of the invention as applied to a panel. 

FIG. 14 illustrates the linear illuminant system of the invention as applied to a segmented display board. 

FIG. 15 illustrates the linear illuminant system of the invention as applied to a vehicle interior. 

FIG. 16 illustrates the linear illuminant system of the invention as applied to a vehicle door. 

FIG. 17 illustrates the linear illuminant system of the invention as applied to the. vehicle rear side as side lights. 
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FIG. 18 illustrates the linear illuminant system of the invention as applied to a stop sign attached to a vehicle trunk. 
EXPLANATION AND DESCRIPTION OF PREFERRED FEATURES 

Referring to FIGS. 1 and 2, an. optical transmission tube 1 according to the invention is illustrated as comprising a 
tubular transparent cladding 1 1 having inner and outer surfaces and a transparent core 12 coaxially disposed within the 
cladding 1 1 . The core 12 has a higher index of refraction than the cladding 1 1 . A reflecting layer 13 in a strip form is 
disposed between the cladding 1 1 and the core 12. The strip form means that the reflecting layer 13 extends longitudi- 
nally of the cladding 1 1 as viewed in the axial cross section of FIG. 1 and extends an arcuate as viewed in the radial 
cross section FIG. 2. That is, the reflecting layer 13 extends only a part of a circle on one side of the. tube as viewed in 
the radial cross section of FIG. 2. The reflecting layer 13 may have a certain thickness extending from the core surface 
toward the interior as shown in FIG. 2. With this construction, light passing through the core 12 is reflected and scat- 
tered by the reflecting layer 13 and emerges from the tube through an area of the outer surface of the cladding 1 1 that 
is approximately diametrically opposed to the reflecting layer 13, as shown by arrows L Since the reflecting layer 13 is 
disposed at the one or bottom side in FIG. 2, the opposed area from which the reflected light emerges is the other or 
top side of the tube. 

In one preferred embodiment, a reflective protective layer 14 is disposed on the one side or bottom surface of the 
cladding 11 so as to circumferentially. and longitudinally surround the reflecting layer 13. ...... 

When a first preparation method- to be described later is employed, the tubular cladding is preferably constructed 
of flexible materials which are moldable into a tubular form and have a low index of refraction,. such as plastics and elas- 
tomers, illustrative examples of such flexible materials include polyethylene, polypropylene, poiyamides, polystyrene, 
ABS resins, poiymethyl methacrylate, polycarbonate, polyvinyl chloride, polyvinylidene chloride, polyvinyl acetate, pol- 
yethylene-vinyl acetate copolymers, polyvinyl alcohol, polyethylene-polyvinyl alcohol copolymers, fiuoro-resins, silicone 
resins, natural rubber, polyisoprene rubber, polybutadiene rubber, styrene-butadiene copolymers, butyl rubber, hafo- 
genated butyl rubber, chloroprene rubber acrylic rubber, EPDM, acryl onitri I e-butadi en e copolymers, fluoro-rubber, and 
silicone rubber. 

Of these, silicone polymers and fluorinated polymers having a low index of refraction are preferred. Exemplary sil- 
icone polymers include polydimethylsiloxane polymers, polymethylphenylsiloxane polymers, and fluorosiiicone poly- 
mers; and exemplary fluorinated polymers include polytetrafluoroethylene (PTFE), tetrafluoroethylene- 
hexafiuoropropylene copolymers (FEP), tetrafluoroethylene-perfluoroalkoxyethylene copolymers (PFE), poiychloro-trif- 
luoroethyiene (PCTFE), ethyl ene-tetrafluoro ethylene copolymers (ETFE), polyvinylidene fluoride, polyvinyl fluoride, 
vinylidene fluoride-trifluorochloroethylene copolymers, vinylidene fluoride-hexafluoropropylene copolymers, vinylidene 
fluoride-hexafluoropropylene-tetrafluoroethylene terpolymers, tetrafiuoroethylene-propylene rubber, and fluorinated 
thermoplastic elastomers. The fluorinated polymers are especially preferred. These materials may be used alone or in 
admixture of two or more. 

• The core materials are preferably solid. Examples include (meth)acrylic polymers, polycarbonate, ethylidene-nor- 
bornene polymers, SBS, SIS, and SEBS (styrene-ethylene-butadiene-styrene block polymers), with the (meth)acrylic 
polymers being preferred. 

The (meth)acrylic polymers include homopolymers resulting from polymerization of a monomer selected from 
acrylic acid, methacrylic acid, and esters thereof with monohydric alcohols, and copolymers resulting from copolymer- 
ization of two or more monomers. The monohydric alcohols are those having 1 to 22 carbon atoms. In particular, copol- 
ymers of a monomer selected from acrylic acid, methacrylic acid, and esters thereof with lower alcohols of 1 to 5 carbon 
atoms, preferably 1 to 3" carbon atoms, most preferably one carbon atom, with a monomer of the following general for- 
mula (1) are preferred because they are well flexible or soft and light transmissive. 

R l 

H 2 C=C-C-OR 2 . (1) 

O 



In formula (1), R 1 is a hydrogen atom or methyl group, and R 2 is an alkyl group of 8 to 20 carbon atoms, preferably. 
10 to 16 carbon atoms, more preferably 12 to 14 carbon atoms. The higher alkyi group represented by R 2 may be a 
single alkyl group or a mixture of alkyl groups, and most preferably a mixture of alkyl groups of 12 and 13 carbon atoms. 
The ratio of the alkyl group of 1 2 carbon atoms to the alkyl group of 13 carbon atoms is preferably from 20:80 to 80:20 
by weight, and more preferably from 40:60 to 60:40 by weight The proportion of the monomer selected from acrylic 
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acid, methacrylic acid and lower alcohol esters thereof and the monomer of formula (1) to be copolymerized is prefer- 
ably from 5:95 to 79:21 , and more preferably from 30:70 to 65:35 in weight ratio. 

• The diameter of the core is generally 2 to 30 mm, preferably 4 to 1 5 mm, though not critical. 

The reflecting layer is preferably constructed of scattering particles, that is, particles capable of scattering light. 
Exemplary scattering particles include organic polymer particles such as silicone resin particles and polystyrene resin 
particles, metal oxide particles such as AI 2 0 3 , Ti0 2 and Si0 2 , sulfate particles such as BaS0 4 , and carbonate particles 
such as CaC0 3 . alone or in admixture of two or more.' 

* Preferably the scattering particles have a mean particle size of 0.1 to 30 urn, especially 1 to 15 ^m. Particles 
greater than 30 \im are sometimes disadvantageous when the optical transmission tube is prepared by the inventive 
method to be described later in detail because such larger particles tend to settle out during the step of introducing the 
core-forming liquid into the tubular cladding. 

The thickness of the reflecting layer "is preferably 10 to 200 jim, especially 50 to 100 um though not critical. A too 
thin layer would.ref lect a less amount of light, resulting in a low luminance. A too thick layer would reflect a more amount 
of light to provide a high luminance, but over a short distance from the light source, sometimes with the disadvantage 
of providing a lower luminance at positions remote from the light source. 

When a second preparation method to be described later is.employed, the core is preferably formed of polystyrene, 
polycarbonate, a styrene-(meth)acrylate copolymer (abbreviated as MS polymer) or the like, and the cladding having a 
lower index of refraction than the core is preferably formed of a (meth)acrylic polymer. Further, the reflecting layer is 
preferably formed of a (meth)acrylic polymer loaded with a white pigment or scattering agent. The (meth)acrylic poly- 
mers used herein are the same as the (meth)acrylic polymers described in conjunction with the first method, and exam- 
ples of the white pigment and scattering agent are the same as the above-described scattering particles. 

* When light leaks through defects in the reflecting layer to the rear side thereof and light laierajiy escapes outside 
the reflecting layer, the reflective protective layer serves to reflect such leakage light back to the other side (or top side). 
The reflective protective layer may be a layer by which such leakage light is not transmitted, and preferably a layer which 
reflects such leakage light without absorbing it. Illustratively, the reflective protective layer may be a metal foil or sheet 
such as silver. or aluminum, a reflective tape, a metallized tape, or a coating having dispersed therein, light-scattering 
particles as described above. 

The protective layer 1 4 on the outer surface of the cladding 1 1 may have a circumferential width sufficient to span 
only the reflecting layer 13 as shown in FIG.. 2. Alternatively, as shown in FIG. 3, the protective layer 14 may have a 
greater circumferential width to extend beyond the reflecting layer 13 toward the other side (or top side) and to leave the 
light emergent area 15. open. 

The first method for preparing the optical transmission tube of the above-described construction according to the 
invention involves the steps of dispersing scattering particles in a core-forming solution comprising a monomer or mon- 
omers as described above, filling a iubular cladding with the particle-dispersed core-forming solution, . closing the oppo- 
site ends of the cladding with plugs, and resting the tubular cladding horizontally for about 1/2 to 48 hours for allowing 
the scattering particles to settle on a lower inner surface of the cladding. Instead of horizontal resting, centrifugation 
may be carried out Thereafter, with the particles kept settled, the monomer(s) is polymerized and cured within the clad- 
" ding to thereby form a solid core within the cladding. At the same time; a reflecting layer composed of the scattering 
particles is formed in a strip form between the cladding and the core or in a shallow recess in the surface of the core. 

In this method, the monomer polymerization technique is not critical although the common technique is by adding 
a polymerization initiator to the monomer(s) and heating at 50 to 120°C for 1 to 20 hours for effecting polymerization. 
Exemplary polymerization initiators include organic peroxides such as t-butyl hydroperoxide, di-t-butyi peroxide, lauroyl 
peroxide, benzoyl peroxide, dimyristyl peroxydicarbonate, t-butyl peroxyacetate, t-butyl peroxy(2-ethylhexanoate), and 
cumyl peroxypctoate, and azo compounds such as asobisisobutyronitrile and asobiscyclohexana nitrile. It is recom- 
mended that the core-forming solution is polymerized while it is pressurized from one end or both ends of the dad tub- 
ing, so that no bubbles are generated in the core. 

• The second method for preparing an optical transmission tube according to the invention uses a three-color 
extruder having three screw' sections and .two concentric dies. A core material, a cladding material, and a reflecting 
material loaded with a white pigment or scattering agent are simultaneously fed into the extruder from its inlet; The core 
material is extruded into a cylindrical core. The reflecting material is extruded into an axially extending strip-shaped 
reflecting layer on the outer surface of the cylindrical core. The cladding material is extruded into a tubular cladding 
enclosing the core and the reflecting strip. This results in the optical transmission tube in which the strip-shaped reflect- 
ing layer extends between the cladding and the core and longitudinally of the cladding. 

The second method has the following advantages. A laminate structure having three functions can be molded all 
at once by co-extruding three materials having different indices of refraction or physical. properties. The rate of molding 
is high. A firm bond is established between the respective layers since the layers are laminated in a softened state. 

The optical transmission tube of the invention is to emit more light from its side surface area to provide a high lumi- 
nance. The inventive method is effective for producing such an optical transmission tube. 
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Next, the linear illuminant system according to the invention is described. 

Referring to FIG. 4, a linear illuminant system is illustrated as comprising a light transmission tube 1 serving as a 
light emergent element a light source 2 coupled to one end of the light transmission tube 1, and a drive means 3 for 
operating the light source 2. The light transmission tube is constructed such that when light emitted from the light source 

5 is transmitted by the light transmission tube, light emerges from a longitudinal side of the light transmission tube. 

The optical transmission tube 1 is constructed as shown in FIGS, 1 and 2, that is; includes a tubular transparent 
cladding 11, a transparent core 12 having a higher index of refraction than the cladding 1 1 , and a strip-shaped reflecting 
layer 13 extending between the cladding 11 and the core 12 on one side. The tube 1 further includes a reflective pro- 
■ tective layer 14 on the one side of the cladding 1 1. surrounding the reflecting layer 13, which is effective for increasing 

10 the reflection efficiency. The detail of the optical transmission tube is as described above. ■ 

The diameter and length of the core of the optical transmission tube are not critical. When a single LED is used as 
the light source 2, for example, the core has a diameter of about 2 to 30 mm, preferably 4 to 15 mm and a length of 
about 0. 1 to 5 m, preferably about 0.2 to 2 m. 

the light source 2 is coupled to at least one longitudinal end (the left end in the illustrated embodiment) of the opti- 

75 cal transmission tube 1 . It may be a light emitting diode (LED). Depending on the intended application, a choice may be 
made among LEDs emitting light of various colors such as red. blue, green, yellow, orange and white. With respect to 
' the number of LEDs used, a single LED may be' used, or plural LEDs may be used to increase the light quantity. The 
LED may be coupled to one end or both ends of the light tube. The embodiment wherein LEDs are coupled to both/ends 
of the light tube provides more uniform linear light emergence at a high luminance. With respect to trie emission color 

20 of LEDs, they may emit monochromatic light or a mixture of different colors. In one exemplary application where the lin- 
ear iHuminant. system is installed at the stop line of a railroad crossing, the system having LEDs capable of emitting light 
of different colors may be designed such that the color of its light emission may be changed, for example, yellow light is 
normally emitted, .but immediately before and during the passage of a train, red light is emitted to give warning to pas- 
sersby. The LEDs may be continuously or intermittently operated. . 

25 With respect to the attachment structure, one end of the optical transmission tube 1 is fixedly secured to a tubular 
; joint memfcer 20 with an adhesive or by cramping. The light source 2 in the form of LED is received in the joint member 
20 and integrally coupled to the end face of the optical transmission tube 1. 

The light source 2 is electrically connected to the drive means' 3 by a cord 30 with an insulating coat of rubber, vinyl 
resin or polyethylene. To provide insulation around the connection between the light source 2 and the cord 30, the joint 

30 member.20 is filled with a potting material 21 such as an epoxy resin or silicone rubber for preventing entry of water, 
water vapor, combustible gas or liquid. The cord 30 may be inserted in a flexible sheath of metal or resin or a rubber or 
plastic pipe for protection or water-proof ness. 

The structure of the optical transmission tube may be modified. For example, as shown in FIG. 5, the tube 1 may 
be inserted into a transparent resin pipe 10A for protection purpose. As shown in FIG. 6, the tube 1 and the joint mem- 

■35 ber 20 may be enclosed with a transparent heat shrinkage tubing 10B which is heat shrunk into tight fit for protecting 
the tube 1 and providing a seal over the entire structure. 

Further, as shown in FIG. 7. a light reflective layer 1 4 may formed on a (one side) portion of the outer surface of the 
optical transmission tube 1, for example/by attaching a reflective tape strip having a metal materia! such as stainless 
steel, gold or silver evaporated, sputtered or plated thereon, applying a reflective coating, attaching a'metal foil, apply- 

40 ing reflecting particles such as titanium oxide, or attaching a pigmented vinyl tape. Alternatively, a securing channel 1 5 
or 16 maybe attached to a (one side) portion of the outer surface of the opticaltrahsmission tube 1 as shown in FIGS. 
8 and 9. If desired, the channel 15 or 16 is further given a reflecting function so that the channel may serve as a reflec- 
tive protective layer. The channel 1 5 or 1 6 is usually formed of metal materials such as aluminum and stainless steel or 
plastic or elastomer materials loaded with highly reflective fine particles. 

45 The drive means 3 for supplying electricity to the light source 2 includes a power supply (e.g. , a battery,'' solar bat- 
tery of DC/AC power supply) and an electric circuit (including resistors, transistors, constant current diodes, etc.; for 
example) for converting the power into direct current for operating the LED. The solar battery or secondary battery may 
be incorporated in the drive means 3 or externally connected to the drive means 3. A suitable sealant is applied where 
the cord 30 is extended from'the drive means 3, for providing water-proof ness. 

so The linear illuminant system of the invention is of the construction comprising a light transmission tube including a 
transparent core and a cladding having a lower index of refraction than the core, and serving as a light emergent ele- 
ment, a light source coupled to at least one end of the light transmission tube in a water-proof manner, and a drive 
means for operating the light source, wherein the light transmission tube is constructed such that when light emitted 
from the light source is transmitted by the light transmission tube, light emerges from a longitudinal side of the light 

55 transmission tube. Differently stated; the light source is integrally coupled to the optical transmission tube in a water- 
proof manner so that the optical transmission tube and the light source may be disposed outdoor or in water, separately 
from the drive means. The linear illuminant system can be advantageously used in water, at places where rain or snow 
reaches, or in an environment with the risk of explosion. The system requires only a low electric power to produce suf- 
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ficient side light emergence. The system is compact and few restrictions are imposed on its installation site. 
EXAMPLE 

5 Examples of the invention are given below by way of illustration and not by way of limitation. 

Example 1 

A core-forming solution was prepared by mixing 60 parts by weight of methyl methacrylate (MMA), 40 parts by 
10 weight of lauryl methacrylate (LMA), and 0.05 part by weight of benzoyl peroxide (BPO) to form a monomer solution 
having a specific gravity of 0.92. In 1 00 parts by weight of the monomer solution were dispersed 0.15 part by weight of 
scattering particles which were silicone resin particles having a mean particle size of 7 ^m and a specific gravity of 1 .32 
(commercially available from Toshiba K.K.) or polystyrene resin particles having a mean particle size of 10 u.m and. a 
specific gravity of 1 .06 (commercially available from Sekisui Chemicals K.K.). This solution was fed into a FEP tube hav- 
15 ing an outer diameter of 6 mm and a length of 1.5 m, which was closed at both ends. The tube was rested on a hori- 
zontal table for 2 hours, allowing the particles to settle on a lower inner surface of the FEP tube. The tube was carefully 
transferred in a hot bath at 65°C so that the particle deposit might remain intact. In the hot bath, while a pressure of 3.5 
kg/cm 2 was applied from the opposite ends of the. tube, the monomer solution was polymerized and solidified for 3 
hours. 

20 There was obtained an optical transmission tube in which a reflecting layer composed of the scattering particles 
extended in/a strip form on the core surface and longitudinally of the tube. 

The optical transmission tube was iestedby coupling a halogen lamp of ZG-W as-ths-light source with the tube so 
that light entered the tube from one end face. Light emerged from the tube along an elongated area of the other side 
surface of the tube opposed to the reflecting layer. The luminance of light was measured on the other side of the tube, 

25 using a colorimeter CS 100 (Minolta K.K.). Measurement w;as made along the length of the tube at distances of 10 cm, 
20 cm, 30 cm and 40 cm from the light incident end face of the tube. The results are shown in Table 1 . 

For comparison purposes,, an optical transmission tube was similarly prepared by filling the FEP tube with the mon- 
omer solution free of the particles and polymerizing the monomer solution. The tube was similarly measured for side 
luminance. The results are shown in Table 1. 

30 



Table 1 



35 





Dispersed particles 


Side luminance (cd/m 2 ) at a distance 
from the incident end 




Type 


Amount (pbw) 


10 cm 


20 cm 


30 cm 


40 cm 


Comparative Example 




0 


65 


.19 


12 


11 


Example ... . 


Polystyrene particles 


0.15 


620 


410, 


310 


205 


Silicone particles _ 


0.15 


613 


422 


380. 


265 



It is evident from Table 1 that as compared with the comparative tube without a reflecting layer, the tubes having a 
reflecting layer formed therein as a result of addition of scattering particles to a monomer solution allow light to emerge 
45. from the side surfaceat a higher' luminance. In the inventive tubes, the luminance is kept high even at distances remote 
from the light source, that is, the luminance distribution has a gentle slope. . 

■ Example 2 

so The optical transmission tube prepared as in Example 1 was measured for side luminance using a red LED lamp 
light source (applied voltage 2V, current 20 imA, 0.04 W). The results are shown in Table 2. 

A reflective tape (adhesive tape) of vinyl chloride Vesin loaded with a white pigment was attached to the one side 
surface of the cladding of the tube to surround the reflecting layer. This tube was also measured for side luminance, with 
the results shown in Table 2. 

55 
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Table 2 





Dispersed particles 


Side luminance (cd/m 2 ) at a dis- 
tance from the incident end 




Type 


Amount (pbw) 


5 cm 


12 cm 


20 cm 


Comparative Example 




0 


3.3 


1.0 


0.4 


Example 


Silicone particles 


0.5 


10.2 


10.0 


9.6 


Silicone particles+ reflective tape 


0.5 


16.8 


16.5 


16 



It is evident from Table 2 that the tubes within the scope of the invention provide a high side luminance and the 
attachment of ref jective tape improves the luminance. As compared with the tubes of Example 1 using the halogen lamp 
of 20 W| the tubes of this Example produce a lower overall luminance level since the LED used therein is operated with 
a power of 0.04 W. 

Example 3 

A multi-color extruder having three screw sections and capable of co-extruding three materials was used. The core 
material used is shown in Table 3, the cladding material used was an acrylic polymer, andthe reflecting material used 
was the same as the cladding material in which 15% by weight of titanium oxide was dispersed. The core material, clad- 
ding material, and reflecting material were simultaneously fed into the extruder from its inlet and extruded through con- 
centric dies. The core material was extruded into a cylindrical rod having a diameter of 6 "mm. The reflecting material 
was extruded into an axially extending strip having a transverse width of about 1 .5 mm and a radial thickness of 0.01 to 
0.02 mm on the outer surface of the cylindrical rod, the strip serving as a white reflecting layer. The cladding material 
was extruded into a tubular cladding enclosing the rod and the strip and having an outer diameter of 6.5 mm. There was 
obtained a cylindrical light tube. 

This tube was measured for side luminance as in Example 1 , with the results shown in Table 3. Comparative Exam- 
ple shown in Table 3 is the same as above. 



Table 3 





Core 


Side luminance (cd/m 2 ) at a distance 
from the incident end 






10 cm 


20 cm 


30 cm 


40 cm 


Comparative Example 


Acrylic polymer 


65 


19 


12 


11 


Example 


Polystyrene 


590 


370 


270 


180 


Polycarbonate 


510 


340 


230 


140 


Styrene-acrylate copolymer 


450 


310 


200 


105 


Styrene:acrylate copolymer: Styrene/methyf methacrylate 30/70 (weight ratio) copolymer 



Example 4 

The optical transmission tubes prepared as in Example 3 were measured for side luminance using a red LED lamp 
light source (applied voltage 2V, current 20 mA, 0.04 W). The results are shown in Table 4. 
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Table 4 





Core 


Side luminance (cd/m 2 ) at a dis- 
tance from the incident end 






5 cm 


12. cm 


20 cm 


Comparative Example 


Acrylic polymer . 


3.3 


1.0 


0.4 


•Example 


Polystyrene 


9.7 


9.0 


8.5 


Polycarbonate 


9.2 


8.6 


8.1 


Styrene-acryiate copolymer 


8.6 


7.8 


7.5 



is Example 5 

The optical transmission tubes obtained in Example 3 were examined for the presence or absence of air between 
the layers and separation between the layers beforeand after a thermal shock test of rapidly cooling from 70°C to -30°C 
and then rapidly heating from -30°C to 70°C. Visual observation was made by passing light through the tubes. 
20 In all the tubes, neither air bubbles nor separation between the layers was found before and after the thermal shock 
test. A close bond between the layers was confirmed. 

Example 6 

25 The optical transmission tube used herein was the tube of 30 cm long having a reflecting layer of silicone resin par- 
ticles obtained in Example 1. A mirror finished stainless steel disc having a thickness of 1 mm and a diameter of 6 mm 
was joined to one end face of the tube with a clear epoxy adhesive as a reflecting plate. A green light emitting LED 
NSPG50 (by Nichia Chemical K.K.) was coupled to the other end face of the tube using an aluminum joint Lead con- 
ductors were soldered to terminals of the LED while the connection zone was covered with a silicone rubber adhesive 

30 to provide a water-proof seal. A linear iiluminant.element (Example 6 A) was constructed in this way. 

A comparative linear iiluminant element was similarly constructed using the tube of Comparative Example in Exam- , 
pie 1. 

A current flow of 20 mA was conducted from a power supply to the LED whereby light emerged from the side area 
of the tube. The tube was measured for side luminance as in Example 1 . Measurement was made along the length of 
35 the tube at distances of 50 mm, 1 50 mm, and'250 mm from the light incident end face of the tube. The results are shown 
in Table 5. The. element of Example 6A produced a higher luminance than the comparative element. The power con- 
sumption was 0.06 W. 

The linear iiluminant element was immersed in water for 6 months. Even after water immersion, the element could 
be operated to provide the same light emission as the initial element without current leakage and other problems. 
40 A linear iiluminant element (Example 6B) was similarly constructed except that a channel as shown at 15 or 1 6 in 
FIG. 8 or 9 was formed from a highly reflective resin Banlite LD-1000R (Teijin K.K.) and the optical transmission tube 
was fitted into the channel. The channel itself was reflective. The tube was measured for side luminance as in Example 
1 , with the results shown in Table 5. 

45 

Table 5 





Side luminance (cd/m 2 ) at a dis- 
tance from the incident end 




50 mm 


150 mm 


250 mm 


Example 6A ■ 


120 


100 


- 100 


Example 6B 


200 


180 


175 


Comparative Example 


20 • 


10 


10 



As is evident from Table 5, the tube of Example 6B having the reflective protective layer 14 in the form of a channel 
produced the highest side luminance, the tube of Example 6A having the reflecting layer 13 produced a high side lumi- 
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nance, and the tube of Comparative Example without the reflecting layer 13 and the reflective protective layer 14 pro- 
duced the lowest side luminance. 

Referring to FIGS. 1 0 to 1 8, the application of the linear illuminant element or system is described. 

In FIG. 10, the optical transmission tube 1 of the linear illuminant system is extended along the peripheral sides of 
5 a sign board 4. The sign board with such an illuminant molding contributes to safety driving at night. 

In FIG. 1 1 , the optical transmission tubes 1 are attached to a side wall 5 of a tunnel. Equivalent objects include 
underground passages, corridors in buildings arid hospitals, and emergency paths in public facilities such as theaters 
and halls. In this application, a commercial power supply may be used as the drive means for the light source. A provi- 
sion is made such that upon a power failure, the light source can be driven by a battery. As opposed to incandescent 
w lamps and fluorescent lamps which can be burned with batteries for a time as short as several ten minutes, the LED 
used as the light source is expected to provide a far longer time of operation-even when operated by a battery. The lin- 
earity of light emission instructs a safe smooth guide to people because the guidance path is ascertainable by an 
instant look. 

In FIG. 12, the optical transmission tubes 1 are extended along the upper edges of upright walls 6 of a stairway for 
15' preventing an accident by misstep at night. When the tubes are attached to an emergency stairway, the stairway can be 
readily ascertained upon emergency at night, contributing to safe evacuation guidance. 

In FIG. 13; the optical transmission tubes 1 are extended along the peripheral sides of an advertising board 7. FIG. 
14 shows a segmented display panel 4' for indicating the maximum speed. For each digit, seven tubes are combined 
such that selected ones may be operated while the remaining ones are extinct. This enables variable indication of the 
20 speed limit. By increasing the number of segments, a character or modified display is possible. 

The invention is also applicable to automobiles. In FIG. 15, the optical transmission tube 1 is extended along the 
side of a vehicle interior 8A for providing indirect illumination. In FIG. 1 6, the optical transmission tube 1 is attached to 
a lower portion of the inner wall of a door 8B, serving as a foot light In FIG. 17, the optical transmission tubes 1 are 
attached to the rear side 8C of a vehicle, serving as side lights. !n FIG. 18, the optical transmission tube 1 is extended 
25 along the sides of a triangular emergency stop sign 9 which is used to inform the following drivers of the emergency 
stop of the car on the road. 

In addition to the foregoing examples, the linear illuminant element or system of the invention may find many other 
applications including (1 ) luminous nameplates, (2) guide poles used at night work; (3) luminous sticks, (4) luminous 
swords as sporting gears and toys, (5) warning lights suspended from tent ropes for warning against stumbling at night, 
30 (6) displays in" aquariums, (7) course indicators and decorative lights in pools, (8) buoys, piers, banks and marine hoses 
(for providing improved visibility), (9) crossing gates, and (10) safety displays providing linear luminous bands for indi- 
cating crossing stop lines and the height limit of overhead beams or parking inlets. 

Although some preferred embodiments have been described, many modifications and variations may be made 
thereto in light of the above teachings. It is therefore to be understood that the invention may be practiced otherwise 
35 than as specifically described without departing from the scope of the appended claims. 

Claims 

1 . An optical transmission tube comprising 

a tubular dadding having an outer surface, 

a core within the cladding having a higher index of refraction than said cladding, and 

a reflecting layer in a strip form extending between said cladding and said core and longitudinally of said clad- 
ding, 

45 wherein light passing through said core is reflected and scattered by the reflecting layer to emerge from 

the tube through an area of the outer surface of said cladding opposed to the reflecting layer. 

2.. An optical transmission tube according to claim 1 wherein said reflecting layer is comprised of scattering particles. 

so 3. An optical transmission tube according to claim 1 or claim 2 further comprising a reflective protective layer disposed 
on an area of the outer surface of said cladding surrounding the reflecting layer. 

4. An optical transmission tube according to claim 1 , claim 2 or claim 3 wherein said cladding is constructed of a f luor- 
inated polymer and said core is constructed of an acrylic polymer. 

55 ■ ■ " 

5. An optical transmission tube according to any preceding claim wherein said cladding is constructed of a 
(meth)acrylic polymer, said core is constructed of polystyrene, polycarbonate or a styrene-(meth)acrylate copoly- 
mer, and said reflecting layer is constructed of a (meth)acrylic polymer loaded with a white pigment or scattering 
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agent 

6. A method for preparing an optical transmission tube, comprising the steps of: 

5 dispersing scattering particles in a core-forming solution comprising a monomer capable of forming a core 

upon polymerization, 

filling a tubular cladding with the scattering particle-dispersed core-forming solution, 

resting the tubular cladding horizontally for allowing the scattering particles to settle on a lower inner surface of 
the cladding, and 

10 thereafter, causing the core-forming solution to polymerize and solidify within said cladding, thereby forming a 

solid core within said cladding and forming a reflecting layer composed of the scattering particles in a strip form 
extending between said cladding and said core and longitudinally of said cladding. 

7. A method according to claim 6 further comprising the step : of forming a reflective protective layer on an area of the 
is outer surface of said cladding surrounding the reflecting layer. 

8. A method according to claim 6 or claim 7 wherein said cladding is constructed of a fluorinated polymer and said 
core is constructed of an acrylic polymer. 

20 9. A method for preparing an optical transmission tube using a three-color extruder having three screw sections, com- 
prising the steps of: . .- 

simultaneously feeding a core material, a cladding material, and a reflecting material loaded with a white pig- 
ment or scattering agent into the extruder, and 
25 extruding the core material into a cylindrical core, extruding the reflecting material into a strip-shaped reflecting 

layer on the outer surface of trie cylindrical core, and extruding the cladding material into a tubular cladding 
enclosing the core and the reflecting strip, thereby forming the optical transmission tube having the strip- 
shaped reflecting layer extending between the cladding and the core and longitudinally of the cladding. 

30 10. A method according to claim 9 wherein said cladding is constructed of a (meth)acrylic polymer, said core is con- 
structed of polystyrene, polycarbonate or a styrene-(meth)acrylate copolymer, and said reflecting layer is con- 
structed of a (meth)acrylic polymer loaded with a white pigment. 

1 1 . A linear illuminant system comprising 

35 

a light transmission tube including a transparent core and a cladding having a lower index of refraction than the 
core, and serving as a light emergent element, • 

a light source coupled to at ieast one end of said light transmission tube in a water-proof manner, and 
a drive means for operating the light source, 
40 wherein said light transmission tube is constructed such that when light emitted from the light source is 

transmitted by said light transmission tube, light emerges from a longitudinal side of said light transmission 
tube.. 

1 2. A linear illuminant system according to claim 1 1 wherein said light transmission tube has a reflecting layer in a strip 
45 form extending between said cladding and said core and longitudinally of said cladding. 
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FIG.3 
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FIG.5 
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FIG.7 
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FIG.15 



2 




1 



FIG.16 



EP0 874 191 A2 




FIG.18 



